ABSTRACT
INTRODUCTION
Australia has the highest rate of skin cancer in the world (1) . Various authoritative sources (2) confirm the greatest risk factor in developing melanoma and non melanoma skin cancer (NMSC) is the number of severe sunburns and cumulative exposure to UV radiation from the sun. Skin cancer is Australia's most expensive cancer with estimated amounts of $264 million and $30 million spent in Australia during 2001 on NMSC and melanoma respectively (3) .
No migrant group has a higher risk of melanoma than Australian-born residents, due to the strong Anglo-Celt heritage of a substantial portion of the Australian population and the limited natural skin pigmentation as protection against
UV inherent in this population group (4). Estimates of lifetime risk for melanoma in
Australia are one in 29 (5) .
The American Academy of Dermatology (6) reports over 75% of all skin cancer deaths can be attributed to melanoma. It is also estimated that around 200 melanomas per year are caused by occupational exposures in Australia (7) and therefore it follows that outdoor workers are especially vulnerable to this carcinogen.
The Australian Bureau of Statistics (8) reported an estimated 1.2 million Australian workers were outdoor workers, and there are over 300 occupations in Australia which require mainly outdoor work. Outdoor workers are exposed to 5-10 times more UV radiation from the sun (4) than other workers. Males are twice as likely to die from melanoma, in all likelihood because of the higher rate of men in outdoor jobs (4) .
From the Australian census in 2006, among the biggest groups of outdoor workers are over 175,000 farmers or farm managers, almost 120,000 construction/mining labourers, and almost 100,000 farm, forestry and garden workers.
Research also supports this in identifying a significantly higher incidence of melanoma (sites include the head) in rural and remote area workers, compared to workers in metropolitan areas (9) . Further, melanomas of the head and neck are associated with chronic patterns of sun exposure (10) which may be exacerbated by outdoor lifestyle preferences and enduring perceptions about tanned skin reflecting good health.
In order to reduce the risks of the incidence of skin cancer, the UV minimisation strategies of the use of hats, shade, clothing, sunglasses and sunscreens are widely promoted, along with the avoidance of the sun during the peak UV irradiance times (11) . These prevention strategies are essential for outdoor workers, along with the general population. 'Essential' is used in a precise way here to reflect that the employer is bound by Workplace Health and Safety (WHS) legislation to eliminate or limit the amount of exposure of the employee to harmful UV. The amount of UV reduction provided by each of these strategies has been investigated by different researchers (12) (13) (14) (15) (16) (17) . In addition to these strategies, any other aspects of personal lifestyle and behaviour that can increase protection from UV radiation need to be explored.
In particular, previous research has tested the hypothesis that hair can protect against melanoma on the head and neck (18) by finding that hair reduced the UV exposures to the ear by 81%. The incidence rates of melanomas to the top of the head 4 or the scalp are also significant with one study reporting 13% of the melanomas in a study group of 534 patients being located on the scalp (19) . The fall of the hair on the scalp may be different to that on the ear. Consequently, the UV protection provided to the scalp may be different to that provided to the ear and this warrants further investigation. Furthermore, the UV protection provided by hair may be influenced by the tilt of the head with respect to the sun and it may be influenced by whether the subject is in shade or full sun, which influences the relative proportions of direct and diffuse UV radiation.
Consequently, this paper will aim to quantify the protection to the scalp from solar UV radiation provided by human head hair. This will be investigated for a male hair style of two lengths of hair in two colours for the influences of solar zenith angle for the conditions of an upright head in sun, a head in sun and oriented towards the direction of the sun and an upright head in shade.
MATERIALS AND METHODS
UV Measurements. The UV measurements were undertaken with a portable broadband meter (model 3D V2.0, Solar Light Co., Philadelphia, USA) with a response approximating the erythemal action spectrum (20) . For this meter, the sensor can be connected via a cable to the detector, allowing the detector to be remotely located from the sensor. This meter was calibrated to a UV spectroradiometer (model Hair pieces made of real human hair (supplier, Harstel Pty Ltd, Melbourne) of two distinct colours and two hair lengths (short and long) were employed. The two hair colours used were grey and dark brown. The two lengths were 49.1±7.1 mm for the short type and 109.5±5.5 mm for the long type. These colours and styles were chosen as they are common hair colours and styles currently seen in the Australian population. Each measurement was made with the hair on each respective hair piece combed in the same particular style so the amount of hair obstructing the sensor was kept constant throughout the period of the research.
An adult life size manikin head form (supplier, Apex Models, Brisbane) was employed for the fitting of the hairpiece and the measurement of the UV irradiances through the hair. In order to reduce the amount of disturbance to the hair, the sensor and associated cable of the meter were threaded up inside the head form and out through a 1 cm diameter hole drilled on the top of the scalp. Each of the hair pieces was placed in turn on the manikin head form in a reproducible location on the head.
Each hair piece had a small hole cut into its netting base in order to allow the sensor to be positioned under the hair without being obstructed by the hair net holding the hair to the hair piece. Figure 1 shows the experimental setup of the head form and sensor with and without a hair piece.
All measurements were made at a Southern Hemisphere site at the University Ultraviolet Protection. The ultraviolet protection factor (UPF) provided by the hair in each case was calculated using the expression:
where UV hair is the erythemal UV measured for each hair piece and UV nohair is the erythemal UV measured on the head form with no hair and taken as the average of irradiance measurements 1 and 6 in the measurement sequence. For the remainder of this manuscript, UV erythemal irradiance will be referred to simply as UV irradiance.
RESULTS

Erythemal Irradiances Through the Hair
The erythemal UV irradiances in units of SED/h to the scalp through the hair for the cases of an upright head in full sun, an upright head in shade and a head in full sun and oriented in the direction of the sun are provided in Figure 2 for the different SZA.
The UV irradiances through the hair decrease with SZA for the cases of full sun with the head upright and oriented towards the sun. For the head upright the irradiances ranged from 0.75 to 1.4 SED/h for a SZA less than 25 o . In shade, these irradiances through the hair were reduced to less than 0.6 SED/h.
Ultraviolet Protection
The UPF for each hair type with the head in the upright position in full sun and a changing SZA are shown in Figure 3 . The UPF ranges from approximately 5 to 17 with a general increase in the UPF with SZA. The UPF is generally higher for the shorter hair than it is for the longer hair. At a sub-tropical site, exposures in summer in full sun to a horizontal plane over a day when averaged over the month of January were as high as 66 SED/day (23) . The range of UPF values found in this research show that for a worker who is outdoors for a day in these circumstances and not wearing a hat, the exposures to the scalp through the hair can range from 3.9 SED to 13.2 SED. Similarly, when averaged over the winter month of July, the exposures in full sun over a day are 17 SED/day (23), resulting in exposures of 1 to 3.4 SED over a day to the scalp for an unprotected head.
Influence of Hair Length and SZA
The influence of the length of the hair is shown in Figure 4 where the UPF for each hair type and each of the three positions of the head has been averaged over the range of SZA. The error bars represent ± one standard error of the data. The longer hair provides a lower UPF than the shorter hair and when the head is towards the sun, there is a marginally lower UPF. The UPF of the hair in the shade is lower than in full sun, however the UPF for the shade has been calculated as the ratio of the irradiance in the shade to that through the hair in the shade. Consequently, the irradiance in the shade has already been reduced compared to that in full sun and the resulting irradiances to the scalp in the shade are lower as seen in Figure 2 The UPF provided by the shorter hair was generally higher by a range of 2 to 5 than that provided by the longer hair for all three conditions of the head, as seen in Figure 3 . The reason for this is that with the longer hair, there is more parting of the hair, which results in a greater surface area of the scalp susceptible to sun exposure in 13 comparison to the shorter hair which tends to be more upright. This higher degree of parting for the longer hair provided the lower UPF.
The data displayed in Figure 2 show that for an SZA greater than approximately 45 o , the use of shade does not provide any significant difference in irradiances through the hair compared to the upright head in full sun. However, this changes for a SZA less than approximately 45 o with a rapid increase in irradiances through the hair for the upright head in full sun compared to shade. Irradiances through the hair in the shade generally flattened out and in some cases dropped slightly as the SZA decreased. Overall, the results showed that the shorter hair provided the higher UV protection in the shade. For the case of short brown hair in Figure 4 , the UPF in the shade is comparable to the condition of the head oriented towards the sun. This is coincidental and irradiances to the scalp for the case in the shade are lower as the UPF in the shade is calculated relative to the horizontal plane in shade.
As the SZA increases the UPF also increases in full sun for all hair types by approximately 4 to 7, which is shown clearly in Figure 5 . The reason for this is that the UV on a receiving plane is comprised of a direct UV and a diffuse UV component.
The relative proportion of the diffuse to direct UV increases with increasing SZA with a resulting increase in the probability that the hair will intercept the UV radiation.
Similarly, for the head oriented towards the sun, the UPF is marginally lower than that for an upright head in the sun as there is a higher relative proportion of direct UV incident on the head for the case of the head oriented towards the sun. research, for the specific case of the UV protection provided by human head hair will contribute to more effective strategies to limit harm from UV that could go some way to avoiding such blockages. 
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